Running increases the formation of new neurons in the adult rodent hippocampus. However, the function of new neurons generated from running is currently unknown. One hypothesis is that new neurons from running contribute to enhanced cognitive function by increasing plasticity in the adult hippocampus. An alternative hypothesis is that new neurons generated from running incorporate into experience-specific hippocampal networks that only become active during running. The purpose of this experiment was to determine if new neurons generated from running are selectively activated by running, or can become recruited into granule cell activity occurring during performance on other behavioral tasks that engage the hippocampus. Therefore, the activation of new 5-6 week neurons was detected using BrdU, NeuN, and Zif268 triple-label immunohistochemistry in cohorts of female running and sedentary adult C57BL/6J mice following participation in one of three different tasks: the Morris water maze, novel environment exploration, or wheel running. Results showed that running and sedentary mice displayed a nearly equivalent proportion of new neurons that expressed Zif268 following each task. Since running approximately doubled the number of new neurons, the results demonstrated that running mice had a greater number of new neurons recruited into the Zif268 induction in the granule cell layer following each task than sedentary mice. The results suggest that new neurons incorporated into hippocampal circuitry from running are not just activated by wheel running itself, but rather become broadly recruited into granule cell layer activity during distinct behavioral experiences. V V C 2012 Wiley Periodicals, Inc.
INTRODUCTION
Regularly engaging in exercise can improve performance on tasks that involve the hippocampus in both humans and rodents (Cotman and Berchtold, 2002) . Although the mechanisms are not known, data from rodent models suggest that cognitive enhancement could be due to the contribution of several changes occurring in the hippocampus from exercise including increased gliogenesis (Uda et al., 2006) , vasculature (van Praag et al., 2005; Clark et al., 2009; Van der Borght et al., 2009 ), growth factors (Neeper et al., 1996) , spine density (Eadie et al., 2005) , and changes to dendrite structure (Redila and Christie, 2006) . Another factor that may contribute to cognitive enhancement from exercise is increased formation of new hippocampal granule neurons (van Praag et al., 1999b) . This possibility is intriguing because the hippocampus is one of two brain regions that unarguably develop new neurons throughout adulthood (Gould, 2007) .
While the function of new neurons in the adult hippocampus remains unresolved, it has been hypothesized that neurogenesis from running provides additional plasticity that contributes to enhanced performance on hippocampus-involved tasks (van Praag et al., 1999a; Clark et al., 2008) . However, an alternative hypothesis is that new neurons recruited into experience-specific networks only process information about the task that aided in their survival (Kee et al., 2007; Tashiro et al., 2007) . Tasks that engage the rodent hippocampus, such as trace conditioning, Morris water maze, and enriched environment exploration enhance the survival of new neurons at a critical period of 7-14 days after labeling with the cell division marker 5-bromo-2-deoxyuridine (BrdU) Ambrogini et al., 2000; Dobrossy et al., 2003; Leuner et al., 2004; Tashiro et al., 2007) . Further, modest positive relationships are sometimes observed between the number of new neurons that survive and performance on hippocampal-dependent tasks (Ambrogini et al. 2000; Leuner et al., 2004; Dalla et al., 2007 Dalla et al., , 2009 , suggesting that the acquisition of a task may promote the survival of new neurons. Therefore, new neurons may preferentially incorporate into experience-specific networks, showing greater activity when an animal is re-engaged in the same task instead of contributing to the performance of other behavioral tasks (Kee et al., 2007; Tashiro et al., 2007) . Similarly, running increases the survival of new neurons and induces the expression of neural activity markers in these neurons in a manner related to the distance traveled (Rhodes et al., 2003a; Clark et al., 2009 Clark et al., , 2011a . Given that one hypothesized function of the hippocampus is to integrate sensory or motor information about voluntary movement (see Bland and Oddie, 2001) , it is possible new neurons from running may become incorporated into experience-specific hippocampal circuitry that only becomes active during running activity (Bland and Oddie, 2001; Clark et al., 2011a) . Whether new neurons generated from running, in addition, become recruited into neural activity during the performance of other tasks that engage the hippocampus is not known.
The goal of this study was to determine whether new neurons generated from running are recruited into experiencespecific networks and thus only become activated during running, or whether distinct hippocampal-involved behavioral experiences can activate running-formed new neurons. One way to address whether new neurons from running may contribute to performance on other tasks is to provide evidence that these new neurons display an immediate early gene (IEG) response (Mello et al., 1992) while performing a distinct task. Therefore, the activation (as measured by Zif268 expression) of new 5-6-week-old neurons were assessed in cohorts of running and sedentary C57BL/6J mice following participation in three different hippocampus engaging tasks: the Morris water maze, novel environment exploration, and wheel running.
By observing the proportion of new neurons that displayed Zif268 in response to each behavioral condition, we determined the extent to which new neurons were activated during distinct behavioral experiences (Tashiro et al., 2007) . Running increases adult hippocampal neurogenesis by nearly doubling the survival of new neurons in C57BL/6J mice (van Praag et al., 1999b; Clark et al., 2011b) . Therefore, we reasoned that if a greater number of new neurons displayed Zif268 in running compared with sedentary mice across each task, this would provide evidence that new neurons from running are broadly recruited into neuronal activation induced by experiences beyond the task that aided in their survival. Alternatively, if a similar number of new neurons display Zif268 in running and sedentary mice following water maze and novel environment exposure, but running mice have a greater number of Zif268 expressing new neurons than sedentary mice following access to running wheels, this would provide evidence new neurons incorporate into experience-specific circuitry that only becomes active during movement or running itself.
MATERIALS AND METHODS

Subjects
Upon arrival, 5-week-old female C57BL/6J mice (obtained from The Jackson Laboratory, Bar Harbor, ME) were group housed (4 per cage) in standard laboratory cages and left undisturbed for 4 weeks before the experiment. Females were chosen because they run farther and form more new neurons than male mice (Clark et al., 2011b) . This provides a greater probability of finding new neurons that display Zif268 following task performance. Rooms were controlled for temperature (218C 6 18C) and photo-period (12:12 L:D; lights on at 9 am and off at 9 pm) for the entire study.
Experimental Design
When mice were 9 weeks old, they were individually housed in cages with (running, n550) or without (sedentary, n 5 50) access to running wheels. We used 9 inch (22.9 cm) diameter Mini Mitter wheels mounted in the cage top (Respironics, Bend, OR) . Individual wheel running distances were obtained via magnetic switches interfaced to a computer running VitalView software (Respironics, Bend, OR). The first 10 days, all mice received a daily injection of BrdU (50 mg/kg) to label dividing cells. After day 30, running and sedentary mice performed different behavioral tasks (see below and Fig. 1 ). On day 42, mice were euthanized 2 h following final performance on each behavioral task. Two hours was chosen because Zif268 expression peaks approximately 2 h following a stimulus (Richardson et al., 1992; Zangenehpour and Chaudhuri, 2002) . We chose to measure Zif268 expression in 5-6-weekold neurons for two reasons. First, BrdU-labeled neuron survival is measured several weeks after injections of BrdU. Thus the transient increase in cell proliferation and immature neuron number that occurs during proestrous of the estrous cycle should not have an effect on new neuron estimates . Second, studies using electrophysiological recordings or immediate early gene markers of neural activation suggest that 4-6-week-old new neurons are more likely to become activated in response to a stimulus when compared with neurons not labeled with BrdU (Ge et al., 2007; Kee et al., 2007; Clark et al., 2009 Clark et al., , 2011a Stone et al., 2011) . Running mice Experimental design. Mice were housed with or without running wheels for 30 days. The first 10 days the mice received daily injections of 50 mg/kg BrdU to label dividing cells. Behavioral tasks began during the final 12 days, days 31-42. All mice were housed in cages without access to running wheels on days 31-42 and throughout behavioral testing, except the Run/Sed and Run/Run groups (see below). Mice in the caged control group were continuously housed in custom cages (for video tracking) on days 31-42. The novel group received a single 2 h exposure to the custom cages on day 42. The water maze group received 3 days (2 trials/day for 2 days, 3 trials on the 3rd day) of hidden platform water maze training. The yoked swim group received exposure to the water maze without a platform and served as a swim control for the water maze group. The run groups (Run/Sed and Run/ Run) were continuously housed in cages with access to running wheels on days 37-42. All mice were euthanized on day 42, 2 h following behavioral testing to measure Zif268 induction.
received access to running wheels for 30 days and then were subsequently moved to standard laboratory cages without running wheels for the final 12 days because wheel running stimulates Zif268 expression (Clark et al., 2009) . Hence, mice cannot have access to running wheels in proximity to behavioral testing, as it would be difficult to distinguish whether Zif268 induction resulted from wheel running or behavioral performance on the other tasks. Note that mice were deliberately not housed in cages with locked wheels because mice climb in locked wheels and we wanted to keep physical activity to a minimum in the sedentary conditions (Koteja et al., 1999; Rhodes et al., 2000) . Horizontal distance traveled while performing each task was recorded by video cameras mounted on the ceiling interfaced to a computer running TopScan software (CleverSys Inc., Vienna, VA) to assess the potential contributions of physical activity on Zif268 expression.
Behavioral Tasks (Fig. 1) 
Novel environment exploration
Running and sedentary mice were individually placed into novel custom-made cages (conducive for video tracking) for 2 h and then perfused (see Zombeck et al., 2010 for custom cage details). These groups will hereafter be referred to as novel running (n 5 8), and novel sedentary (n 5 8) mice. Additional running and sedentary mice were individually housed in the same type of cages continuously for 12 days preceding euthanasia to serve as habituated controls. These mice will hereafter be referred to as caged control running (n 5 8) and caged control sedentary (n 5 8) mice. Caged control mice were briefly removed and placed back into their respective cages by the experimenter 2 h before euthanasia to control for any potential Zif268 induction related to handling. Horizontal distance traveled was continuously monitored using video tracking. All mice were euthanized 2 h after peak activity (4 h after lights shut off ).
Water maze
Dimensions and parameters followed Clark et al. (2008) . Running and sedentary mice were trained on the Morris water maze for 3 days. These mice will hereafter be referred to as water maze running (n 5 10) and water maze sedentary (n 5 10) mice. The first 2 days, mice received two trials per day from different start locations with 30 s intertrial intervals. A trial lasted either 60 s or until the mouse reached the platform and remained on the platform for 10 s. If a mouse did not reach the platform in 60 s, it was gently guided there by hand. On the final day, mice were given three trials to assure maximal learning without causing physical fatigue from additional trials. Mice were trained on the water maze for only 3 days rather than additional days, because previous experiments from our lab using the same maze parameters have demonstrated that mice reach asymptotic performance by day 3 and we wanted to sample mice when most of the learning occurs (Clark et al., 2008 ). An additional group of running and sedentary mice swam in the water maze without a platform and served as yoked controls for induction of Zif268 from physical activity or nongoal oriented spatial learning. These groups will hereafter be referred to as yoked swim running (n 5 10) and yoked swim sedentary (n 5 10) mice. Each mouse in yoked groups swam in the water for a duration equivalent to a mouse trained with a hidden platform. Trials began each day 2 h after lights shut off. Mice were placed into their respective home cages following the last trial. All mice were euthanized 2 h after the last trial.
Wheel running
Running and sedentary mice were placed into cages with running wheels for 5 days (days 38-42) before euthanasia. These groups will hereafter be referred to as Run/Run (n 5 6) and Run/Sed (n 5 6). Running mice were removed from wheels for 7 days before being placed back in cages with wheels to be consistent with the other groups. All mice were euthanized 2 h after peak running (3 h after lights shut off ).
Immunohistochemistry
Following Clark et al. (2011a) , mice were anesthetized with 150 mg/kg sodium pentobarbital (ip) and then transcardially perfused with 4% paraformaldehyde in a phosphate buffer solution (PBS). Brains were postfixed overnight and then transferred to 30% sucrose in PBS. Brains were sectioned using a cryostat into 40 micron coronal sections and stored in tissue cryoprotectant at 2208C. Separate 1-in-6 series of free floating sections (i.e., series of sections throughout the rostral-caudal extent of the brain with 240 micron increments separating each section) were stained using diaminobenzidine (DAB) or fluorescent immunohistochemistry. The following primary antibodies were used: rat anti-BrdU (1:100; AbD Serotec, Raleigh, NC) to measure the survival of cells that had divided 32-42 days before the animal was euthanized, mouse anti-NeuN (1:50; Millipore, Billerica, MA) to detect mature neurons, and rabbitanti Zif268 to detect neuronal activation (1:12,000 for DAB or 1:3,000 for fluorescent; Santa Cruz Biotechnology, Santa Cruz, CA). For DAB visualization, secondary antibodies were obtained from Vector (1:200; Burlingame, CA). Fluorescent secondary antibodies were obtained from Jackson ImmunoResearch (1:250; West Grove, PA). DAB-stained sections were lightly counter stained with methylene blue to highlight cell bodies in the dentate gyrus.
Image Analysis
BrdU and Zif268-DAB Following Clark et al. (2011a) , the entire bilateral anterior and posterior granule layer in a 1-in-6 series was photographed by systematically advancing the field of view via a camera interfaced to computer under 1003 total magnification. The field and condenser diaphragm on the microscope were set so that DAB1 nuclei could be easily observed through the entire z-plane of the tissue. Positively labeled cells in photographs were counted by eye to generate estimates of total number of labeled cells (BrdU or Zif268). Positively labeled nuclei that were predicted to be in the top plane of the sections were not included in cell counts to generate unbiased estimates. Only nuclei completely filled and stained darkly with DAB were counted for these analyses. In addition, volume of the granule layer represented in the series was also measured to express Zif268 as a density per cubic mm. Volume was estimated by outlining the granule cell layer to obtain area using ImageJ (http://rsbweb.nih.gov/ij/) and multiplying the total granule layer area by the space between sections. The number of Zif268 cells is presented as a total count and a density (per cubic mm) because the granule cell layer increases in both size and total number of granule cells as a result of running (Rhodes et al., 2003b) . Hence, we wanted to determine whether the differences in Zif268 counts between groups was due to greater proportional activation of the granule cell layer as opposed to merely a consequence of different total numbers of granule neurons between running and sedentary groups.
Fluorescence
Following Clark et al. (2011a) , images taken from a confocal microscope (4003 total magnification) were used to determine the proportion of BrdU cells (BrdU1) that differentiated into neurons (NeuN1) and to determine the proportion of neurons (BrdU1/NeuN1, or BrdU-/NeuN1) displaying Zif268. Each image captured a single plane of granule cell layer (in the zplane) that was non-overlapping with the previous image, by systematically advancing the field of view (in the x and y-plane) via a camera interfaced to computer running Leica confocal software. Imaging was done until the entire medial to lateral extent of each bilateral granule layer was captured. The entire bilateral granule cell layer was imaged in three hippocampal sections (one section chosen randomly from the anterior 3rd, medial 3rd, and posterior 3rd) of three running and six sedentary mice under each experimental condition, with the exception of the caged control condition where three running and three sedentary mice were analyzed. All the new (BrdU1/ NeuN1) and pre-existing (BrdU-/NeuN1) granular neurons, as well as the number of neurons colabeled with Zif268 (BrdU-/NeuN1/Zif2681, or BrdU1/NeuN1/Zif2681) in that plane were counted for each image. Only brightly and completely, or near completely labeled BrdU nuclei were counted. Further, all BrdU1/NeuN1/Zif2681 neurons observed during live imaging were zoomed in and scanned through the z-axis to confirm colabeling. Only neurons that displayed colabeling throughout the z-axis were included for analysis.
Zif268-expressing new neurons (BrdU1/NeuN1/Zif2681) were also analyzed for the location within the granule cell layer. The number of Zif268-expressing new neurons that shared a border directly adjacent to the hilus was compared with the proportion of Zif268-expressing new neurons that had migrated into the granule cell layer away from the hilus (as defined by not sharing a border with the hilus, or completely surrounded by granule cells). This analysis was conducted to determine whether the probability of Zif268 expression in new neurons differed depending on location in the granule layer.
Statistical Analysis
Data were analyzed using SAS (http://www.sas.com) and R (http://www.r-project.org). P < 0.05 was considered statistically significant. Density of Zif268 cells (per mm 3 ) were compared using separate two-way ANOVAS with exercise treatment and behavioral condition as factors. The following behavioral conditions were analyzed: caged control vs. novel cage, caged control vs. running, yoked swim vs. water maze. Separate two-way ANOVAs were conducted rather than one large omnibus ANOVA because each condition has a unique and carefully designed control condition to compare Zif268 induction. Moreover, not all of the behavioral conditions were matched for length of exposure to the Zif268-inducing stimuli and thus are not directly comparable. The total number of BrdU cells and BrdU cells colabeled with NeuN (BrdU1/NeuN1) in the granule layer were compared between running and sedentary mice using unpaired t-tests. The proportion of BrdU cells colabeled with NeuN were compared between sedentary and running mice by logistic regression. The proportion of BrdU-/NeuN1 and BrdU1/NeuN1 neurons expressing Zif268 were compared between groups using logistic regression. For logistic regression analyses, the deviance is reported in place of the F statistic. (Figs. 2A,B) 
RESULTS
Zif268 Induction in the Granule Layer From Each Task
Novel environment
Mice in the novel group displayed a twofold increase in number of Zif268 positive cells over mice in the caged control group (Fig. 2C) [F(1,28) 5 54.8, P < 0.0001]. For individual mice in the novel group, Pearson's r for the correlation between Zif268 density and total distance traveled over the 2 h exposure was 0.63 (P 5 0.009). In caged control mice, no relationship between Zif268 density and total distance traveled over 2 or 4 h before euthanasia was observed.
Water maze
Both running and sedentary water maze mice learned the task as determined by decreased distance to reach the hidden platform over the 3 days of training [F(2,116) 5 36.9, P < 0.0001]. A disproportionately larger number of sedentary mice discovered the platform, by chance, on the very first trial than running mice. This led to an uneven starting point for both running and sedentary mice (an over 2 m difference), making it impossible to address whether or not exercise had any benefits in performance on this task. In the running group, 1 of 10 mice found the platform in less than 60 s on the first trial, whereas in the sedentary group, 5 of the 10 mice found the platform in less than 60 s on the first trial. The average distance swam in the maze over the last three trials did not differ between the running or sedentary water maze and yoked swim groups.
The water maze group displayed a modest, yet significant, increase in number of Zif268-positive cells over the yoked swim group (Fig. 2D) [F(1,36) 5 5.6, P 5 0.02]. No significant correlation was observed between Zif268 expression and average distance to reach the platform on the 3rd day of swimming for either the yoked swim or water maze groups.
Wheel running
Mice in the run group displayed a fourfold increase in numbers of Zif268-positive cells over caged control mice (Figs. 2C,E) [F(1,28) 5 94.7, P < 0.0001]. Zif268 induction did not differ between Sed/Run and Run/Run groups (Fig. 2E) . A significant correlation (r 5 0.77, P 5 0.008) was observed between Zif268 density and total distance traveled (km) on wheels 2 h before euthanasia. The correlation was stronger (r 5 0.94, P < 0.0001) for running distance 4 h before euthanasia.
Zif268 Induction in New Granule Neurons Following Behavioral Performance (Fig. 3A) The proportion of new neurons (BrdU1/NeuN1) and neurons not labeled with BrdU (BrdU-/NeuN1) expressing Zif268 was similar between sedentary and running mice for each task (Fig. 3B) . For both sedentary and running mice, the percentage of neurons expressing Zif268 was approximately
Zif268 induction in the granule cell layer from each task. A: Representative coronal section of a mouse from the caged control group containing the granule cell layer stained for Zif268 using DAB as the chromogen with a light Nissl stain to highlight the dentate gyrus. B: Same as (A) except containing representative section of a mouse that was running 2 h before euthanasia. C: Average number of Zif268 labeled cells (6 SE) per cubic mm in the granule layer of sedentary and running mice in caged control and novel environment groups. D: Same as (C) except containing the yoked swim and water maze groups. E: Same as (C) except containing the wheel running group. a P < 0.0001 from caged control.
b P < 0.05 from yoked swim. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.] FIGURE 3.
New neurons from running are broadly recruited into Zif268 induction during different behavioral tasks. A: Representative coronal section of the dentate gyrus stained for BrdU (green), NeuN (blue), and Zif268 (red) containing a region in the white box with arrows pointing at two zoomed in triple-labeled neurons. B: Percentage of BrdU-/NeuN1 and BrdU1/NeuN1 neurons that displayed Zif268 (6 SE) in running and sedentary mice during performance on each behavioral task. C: Average density of Zif268 expression in the granule cell layer for each behavioral task plotted against the percentage of new neurons that displayed Zif268. Note that each point represents the mean values of multiple mice for each behavioral task, plotted separately for running and sedentary mice. D: Estimated number of BrdU1/NeuN1 cells (6 SE) in running and sedentary mice a P < 0.01 from BrdU-in each group, aa P < 0.0001 from sedentary. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary. com.] twofold greater in BrdU1 neurons than BrdU-neurons for each task (Fig. 3B) [Deviance588.7, P < 0.0001]. Collapsed across sedentary and running groups, the proportion of new neurons that expressed Zif268 differed depending on location within the granule layer [Deviance527.3, P < 0.0001]. Posthoc analysis revealed that new neurons located away from the hilus in the granule layer were approximately twice more likely to display Zif268 than new neurons located adjacent to the hilus in yoked swim, water maze, and running conditions (each P < 0.05). Sedentary and running mice exposed to the novel environment displayed a non-significant trend towards greater Zif268 expression in new neurons located away from the hilus than adjacent to the hilus. Due to the overall low numbers of Zif268-positive cells in caged control mice, an insufficient number of BrdU1 cells expressing Zif268 were observed to estimate differential proportions of Zif268 expression depending on location in the granule layer.
A strong and significant correlation (r 5 0.88, P < 0.0001) was observed between the degree of Zif268 expression in the granule layer and proportion of new neurons displaying Zif268 for each task (Fig. 3C ).
New Neuron Survival
The estimated absolute number of BrdU-labeled cells in the granule layer of running mice was 5,706 (6270) 
DISCUSSION
Our results demonstrate that new neurons generated from running express Zif268 following behavioral performance on distinct tasks that engage the hippocampus. The proportion of new neurons that expressed Zif268 was nearly equivalent in sedentary and running mice within each task (Fig. 3B ). Since running mice had approximately twice the number of new neurons as sedentary mice (Fig. 3D) , approximately twice as many new neurons were recruited into the Zif268 induction in the granule cell layer of running compared with sedentary mice following each task. These results suggest that new neurons generated from running can become activated during the performance of other hippocampus-involved behavioral tasks besides running. Moreover, the degree of Zif268 induction in the granule layer from each task was strongly correlated with the proportion of new neurons that expressed Zif268, independent of whether or not the mice had previous access to running wheels (Fig. 3C ), demonstrating that a more active granule cell layer recruits a greater proportion of available new neurons. Taken together, these results suggest that new neurons generated basally or from running can become incorporated into granule cell activity during distinct behavioral experiences.
The result that new neurons generated from running are broadly recruited rather than preferentially engaged by the task that aided in their survival is different from what has been suggested by two earlier studies reporting that new neurons rescued during a specific behavioral-task were selectively activated during the same task (Kee et al., 2007; Tashiro et al., 2007) . The reason for the difference is not entirely clear. However, it is possible that the functional integration of new neurons may differ depending on whether neurons become incorporated into the dentate gyrus by cognitive (e.g., learning) or physical processes (e.g., running). In the Kee et al. (2007) and Tashiro et al. (2007) studies, new neurons were integrated into the granule cell layer in association with hippocampus-engaged learning, namely as a result of water maze learning and the exploration of a relatively novel enriched environment. Therefore, neurons generated during hippocampal learning may favor direct recruitment into specific circuitry to support stable memories of that event. In contrast, new neurons that are integrated into the granule cell layer from running appear absent of hippocampal learning at the time they become incorporated. The increased survival of new neurons from running is, in part, a byproduct of peripheral spikes in growth factors that occur during strenuous physical activity (Wagner et al., 1999; Aberg et al., 2000; Fabel et al., 2003; Wahl et al., 2011) , and may lack circuit specificity upon initial recruitment. Therefore, neurons rescued during running may represent highly plastic units that can later become incorporated into hippocampus-engaging cognitive processes.
Literature directly assessing the contribution of exerciseinduced neurogenesis to cognitive performance is scarce (Wojtowicz et al., 2008; Wong-Goodrich et al., 2010; Winocur et al., 2011) . Our lab recently found that performance benefits from running on the water maze are eliminated when neurogenesis is reduced by irradiation (Clark et al., 2008) . The current study cannot directly assess whether new neurons from running contribute to improved hippocampus functioning. However, previous work has suggested that new 1-6-week-old neurons have a lower threshold for long term potentiation (LTP) than older neurons which may play a crucial role in experience-dependent hippocampal plasticity and learning (Schmidt-Hieber et al., 2004; Ge et al., 2007) . Therefore, results are consistent with the hypothesis that the new neurons contribute to enhanced behavioral performance because running mice had more new neurons recruited into the Zif268 induction than sedentary mice following each task (Fig. 3B ). Taken together with observations from recent literature, results of this study provide an important foundation for the hypothesis that new neurons contribute to enhanced performance, because if more new neurons were not recruited into the Zif268 expression from the behavioral tasks in running mice, then it would seem unclear how running-enhanced neurogenesis could contribute to enhanced cognitive performance (van Praag et al., 1999a ).
In the current study, new 5-6-week-old neurons (in both sedentary and running mice) were more likely to display Zif268 over primarily pre-existing neurons following water maze, novel environment exposure, and wheel running (Fig.  3B) . It makes sense that new neurons would be more likely to display IEGs over pre-existing neurons for two reasons. First, studies suggest that new neurons display unique electrophysiological properties that may result in an increased likelihood of firing an action potential over pre-existing neurons in response to an environmental stimulus (Wang et al., 2000; Snyder et al., 2001; Schmidt-Hieber et al., 2004; Ge et al., 2007) . Second, while IEGs are widely used as markers for neural activity, they are commonly studied for transcriptional regulation of proteins involved in cellular plasticity (Dragunow, 1996) . Thus, new neurons may be more likely to display Zif268 following a stimulus because they are more plastic during cellular development while competing for incorporation into the granule cell circuitry with thousands of already integrated neurons. On the other hand, a recent study used three different thymidine-analog markers of cell division to directly compare a population of older labeled neurons with a distinct population of younger labeled neurons and found a similar proportion of c-Fos induction from a hippocampal task in each cohort of neurons (Stone et al., 2011) . Given the recent Stone et al. (2011) findings, it is difficult to strongly conclude that new neurons preferentially display Zif268 over pre-existing neurons during hippocampaltask performance. However, we can conclude that a similar proportion of new neurons in sedentary and running mice are recruited into the Zif268 response during each of the behavioral tasks.
In conclusion, this study provides novel evidence suggesting that new neurons integrated into granule cell circuitry from running can become recruited into granule cell activity during behavioral-experiences distinct from wheel running. While the precise contribution of new neurons from running to animal behavior remains a hotly debated topic, our data indicate that both basally and running-generated neurons are activated by a variety of hippocampus-engaging behavioral tasks. Future research will continue to elucidate whether having a greater number of activated new neurons causally contributes to cognitive advantages associated with exercise.
